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CONCENTRATION OF SULFUR COMPOUNDS Iu CITY atRl/ 
By L. R. Burdicke/ and J. ¥F. Barkley2/ 


Sulfur compounds have long been recognized as damazins pollutents of 
re air, A number of investigations have been made to determine the amount 
f{ such compounds existing in the air of various cities; moreover, some 
‘tudy has been given to the conditions affecting the concentrations. This 
aver sumierizes published investizations anc includes a bibliography on the 
ubject. 


The methods of obtaining data have differed as to the tyve of sampling, 
nalysis procedure, hour of sampling, number of locations, and number of 
eterminations made. Sampling methods include both the continuous tyne, 
overing a day or a number of days, and what can be considered the "snap" 
yoe, Covering very short periods. Continuous sampling has given data 
“presenting the average concentration at the location chosen but no informa- 
lon regarding variations from hour to hour, and none that might be said to 
“present the averace for a city. The snap~sampling method, while not giving 
true averare for any one location or area, has in some instances made 
rallable data regardinz variations of concentration during different hours 
- the day and at various locations or zones within the area chosen. 

-though the sulfur compounds in the air may incluce sulfur dioxide, sulfur 
‘loxide, hydrogen sulfide, and organic compounds of sulfur, most investiga- 
Ts report on the basis of sulfur dioxide, This sas unites with moisture 
‘form sulfurous acid. 


SUMMARY OF IHVESTIGATICNS 


Cities of the United States 


ieazo, T1l., 1937. 


Chambers, Singh, and Deutch (i)4/ have reported the results of a pre- 
zinary survey of the air over Chicago. 271 determinations of snap samples 
ré made at various locetions and hours during the period from January 27, 
37, to April 16, 1937. The analysis procedure was to atsorb the sulfur 
Ixide in slightly acidulated distilled water containing 1 cc. of 30 percent 
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hydrogen peroxide per 2-1/2 liters, measuring the volume of sample by a 
meter, and titreting the absorbing solution to neutrality with NaOH before 
end after the drawing of the sample. Methyl red containing Guinea Greer te 
was used as an indicator. Wind velocity and direction, barometer, relative 
humidity, outside temperature, and weatner were noted for each determinatic:. 
The maximum sulfur dioxide found was 3.16 p. p. m. by volune at the center 
of the concourse of a railroad station. Zero concentrations were noted 
occasionally at other locations. The survey showed the following concertr:- 
tions: The "Loop", 0.43 p. p. m.} manufacturing areas, usually lower tho: 
the "Loop" area but as high as 0.8 or 1.0 p. p. m. on foggy or gusty days; 
congested residential areas, 0.30 p. p. m. and often above 0.5 p. p. m. with 
high relative humidity; less-congested residential areas, up to 0.15 pr. 
dependinz upon wind direction; near central generating stations, 0.29 p.¢. 
me$ near locomotive roundhouses, 0.54 p- pe me; near stock yards, O.2e p. 7. 
m. or more. 


Pittsburgh, Pa., 19ce7—32 


Meiter and Traubert (2) made single daily analyses, except on Sundays 
and holidays, of the air at the Pittsburgh Experinent Station of the Bureci 
of Mines from August 11, 1927, to August 11, 1923. Snap sampling was done 
40 feet above ground level, on the roof of the building. Analyses were by 
the general method developed by the Selby Smelter Commission (3). 304 deter 
minations were made during the year, most of them between $:00 and 10:00 
&e m. Wind velocity and direction and smoke fog and cloud conditions were 
observed at the time of sampling. Concentrations ranged from 0.0 to 1.1 
pe p. mn. sulfur dioxide, the maximum occurring in October during unusually 
dense fog and smoke, Monthly averages ranzed from 0.02 p. p. me in July t 
0.67 p. pe. m. in October. The yearly average was 0.16 p. p. m. During th 
work the concentration tended to be higher on foggy or smoky days and lower 
on days of high wind velocity. 


Betz, Holden, and Handy (4) made sulfur dioxide determinations et a 
location about one-half mile from the business district in a rather thickl 
populated section. Snap samples were taken 75 feet above the ground. 7 
tests were made on 307 days between July 1, 19351, and June 39, 193e. As 
often as possible, tests were made at 9 a. m. and 3p. m. Conditions dif- 
fering from those under which Meiter and Traubert made their investigatioz 
in 1927-28 (2) were, a lower altitude, a position nearer the center of the 
city, a much more thickly populated district farther from railroads, and 
less industrial activity. Analyses were made by the method of McKay ans 
Ackerman (5) and were accompanied by observations of wind direction and of 
visibility. The concentration ranged from 0.0 to 2.5 p. p. m., the maxix: 
occurring twice in October when there was a heavy blanket of fog and sxoxe 
and little wind velocity. Monthly averages ranged from 0.12 p. p. m. in 
February to 0.51 p. p. m. in December, and the average for the year was C. 
De pe m Highest concentrations occurred in the mornings, the yearly 
average for the morning readings being 0.36 p. pe m. as compared with a 0. 
Pe pe m. average for those analyses made in the afternoon. 
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Schade (6) has published the results of an favestic sation at the roof of 
the City-County building (163 feet above street level) in the downtown 
section. Tnis work was done in 1932 from Janusry to December, inclusive. 
Senpling and analyses were done essentially by the methods of Smith end Friis 
cls 230 determinations were made at various times during the day from 7:00 
ce. m to 4:00 pnp. m The concentrations noted ranzed from 0.0 to 1.1 p. p. m. 
sulfur dioxide, the maximum occurring in November and December. Monthly 
averages ranged from 0.06 p. p. m. in January to 0.21 p. p. m. in December, 
sith a yearly average of all determinations of 0.14 p. p. m. The concentra— 
tions averaged the highest (0.17 ». p. m.) between 7:00 and 9:00 a. nm. It 
vas noted that on all days when fog cleared by afternoon there was a corre~ 
sponding decrease in sulfur dioxide and that when fog did not clear the con- 
centration increased. 


‘ortsmouth, Va., 1926 and 19e/] 


Quick (8) presented data on the etmosphere et the Norfolk Navy Yard for 
ovember 1926 and for January 1927 to Sentenber 1927, inclusive. Snap 
amples were drawn, the analyses being by the procedure of McKay and Ackerman 
5). The maximum of any one determination was 1.3 pe pe m. sulfur dioxide, 
hich occurred in July and September; the minimum was 0.2 p. p. m. in Noven- 
er. The highest monthly average of determinations was 1.1/ p. p. m. in 
uly, the lowest 0.48 De De Me in November. The average of the monthly 
verages for the periods was 0.97 p. p. m. 


-lt Lake City, Utah, 1919, 1920, and 1921 


Monnett, Perrott, and Clark (9) reported sulfur dioxide concentrations 
i this city during December 1919, January and March 1920, and February and 
arch 1921. The determinations were made essentially by the method described 
rWells (3). A total of 322 determinations from snap semples were made in 
119-20 at various points in the heart of the city and in the residential 
Strict. Hach determination was accompsnied by observations of temperature, 
rection and velocity of winds, and weather. The maximum concentration 
ited was 0.8 p. p. me on a very smoky and fogey day, with little wind. It 
is found that the sulfur dioxide concentration after 12 noon was usually 
aller than 0.1 p. p. m.e3 the greatest concentrations occurring before 10 
me; that the highest concentration was observed in the business district}; 
ot smoky days showed higher concentrations than clear days; that there was 
inverse relationship between wind velocity and concentration of sulfur 
oxide; and that the average concentration during December and January was 
out O.15 p. vp. m. and during March about 0.01 p. p. m. Single determina-— 
ons were made from an airplane that showed 0.0, 0.2, and 0.0 p. p. m. 
lfur dioxide at altitudes of 1,000, 2,200, and 3,000 feet, respectively. 
e€ maxinmm concentration noted during February and March 1921 was 0.8 pe pe 
» the average being 0.03 p. p. m. for the determinations during this period. 


1 Frencisco, Calif., 1913 and 1914 


- Wells and Libby (10) made 173 determinations of sulfur dioxide from snap 
tprles at various locations during September 1913 and February and March 1914. 
2 average of these was 0.3 p. p. m., with a maximum of 1.8 p. p. m. which 

curred during calm, smoky air conditions. 
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Washington, D. C., 1926, 1927 and 1928 


Kimball and Hand (11) have reported data on sulfur dioxide deterninatic: 
at the campus of the American University from November 1926 to October 1%, 
inclusive. The analyses were made of snap samples by the general procedure 
of McKay and Ackerman (5). The concentrations noted ranged from a maxinn 
of 3.10 p. p. m. in November 1926 to a mininum of O p. p. me, which ocewrei 
every month. The maximum monthly averaze (0.54 p. p. me.) occurred in October 
1928 and the minimum (0.904 p. p. m.) in August 1927. The averaze of the 
nonthly averages was 0.13 p. p. m. for the ec-year period. 
a, 


Pittsburgh, Pa., Philadeiphia, Pa. Area, Washington, D. C., St. Louis 


Area, Detroit, Mich., 1935 and 1937 


The Air Hygiene Foundation of America, Inc. (12), has published the r- 
sults of sulfur dioxide determinations at various points in and within e 
radius of 30 miles from the center of these cities from August 1936 to 
October 1937. All analyses were made by an iodine titration method (a modi- 
fication of Smith and Friis) (7). Simultaneous analyses were made during. 
part of the period by the electrical conductivity method of Thomas (13) (14). 
The measurements were made periodically at each of a large number of steficzs 
but were scheduled to give an average over all hours of the day and all dx: 
of the week. This method of investigation made it possible to summarize tt 
concentrations in various ways, such as according to zones (with reference 
to the center of the city), individual station summaries, hourly concentra- 
tions, and time cycles and seasons. The tables presenting these summaries 
are very extensive and give many data on sulfur dioxide in the atmosphere. 
Tables 1 and 2 brief some of the data. Teble 1 shows the average and maxiz= 
concentrations for summer, winter, and the entire vear, for ell stations 
within 5 niles of the center of these cities. Table 2 shows the averazé 
sulfur dioxide for the entire year according to zones. 


Various Cities, 1975 and 3937 


The Air Hygiene Foundation of America, Inc., (12) also has reported 
short investigations of the sulfur dioxide concentrations in other cities 0: 
the United States. These ranged from 1 day to apnroximately 2 months ix 
duration, the measurements being taken at numerous locations within 5 niles 
from the center of the cities by the method of Smith and Friis (7). Feri 
the analyses were checked by the electrical conductivity method of Thomas 
(13) (14). Table 3 gives a brief of the data. 


Pentma Canal, 1927 and 1928 


Quick (8) also published data on sulfur dioxide determinations made 2 
the Panama Canal from May to October 1927 and May to September 1928. Te 
determinations were made from snap samples and by the anelysis procedure 0% 
McKay and Ackerman (5). The highest averege of determinations in any onze 
day was 1.00 p. p. m. in June 1927, the minimum 0.06 p. p. m. in June liz? 
The average of the daily averages was 0.26 p. p. m. for the periods cor- 
sidered. 
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TASLE 3. —- Sulfur dioxide corncentretions in various cities 


City Date 


Altoona, Pa. 
Atlanta, Ga. 


Sept. 23, 1936 


Jan. 30, 31, Feb. 1, 1937 
May 29, 1937 


Sept. 19, 20, 21, 1936 
Fed. 19, 20, 1937 
May 17 to 22, 1937. 


Jan. 14 to Jan. 27, 1937 
May 31 to June 12, 1937 


Dec. 4, 5, 6, 1936 
May 27, 1937 


Jan. 11, 12, 1937 
June 14, 15, 1937 


Baltimore, Md. 


Birminghen, Ala.2/ 


Buffalo, N. Y. 
Charlotte, N. C. 


Chattanooga, Tenn. 


Chicago, 111.2/ |Dec. 18, 19, 20, 21, 1936 
Mar. 25 to Apr. 2%, 1937 

ANE e 6~-Sept. 5, 1937 

Jan. 4, 5, 1937 

Mar. 10, 11, 1937 

June 23, au , 25,295 [ 

Oct. 20, 21, 1936 

Dec. 8, 9, 1936 _ 

Apr. 29, 30, 1937—May 1, 1937 


Fed. 2, 1937 

Apr. 26, 27, 1937 
Sept. 22, 1936 
Aug. 5, 1937 
Sept. 8, 1936 


Jan. 6, 7, 1937 
Mar. 8, 9, 1937 
June 21, 22, 1937 


Jan. 9, 1937 
June 1/7, 18, 19, 1937 


Cincinnati, Ohio. 


Cleveland, Ohio. 


Columbia, S. C. 
Fort Wayne, Ind. 


Harrisburg, Pa. 
Indianapolis, Ind. 
Johnstown, Pa. 
Louisville, Ky. 


Nashville, Tenn. 


l/ Includes Bessemer, Ala. 
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2/ Includes Gary, Ind.; Whiting, Ind.; East Chicago, Ind.; and Hammond, Ind. 
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TABLE 3. - Sulfur dioxide concentrations in various cities (continued) 


City Date 


chnond, Vae Feb. BP L, As 1937 
May 24, 25, 1937 


Tingfield, Ill. | Sept. 7-11, 1937 
ledo, Ohio. April 2¢, 1937 
eeling, W. Va.2/ Aug. 3, 1937 


ungstown, Ohio. | Oct. 19, 1936 
May 3, 4, 1937 


Includes Martins Ferry ond Bellaire, Ohio. 


Cities of Europe 


Liesegang (15) investigated the air in the vicinity of Berlin. He deter- 
ed the suifur by exnosing a filter-paper shell soaked with a solution of 
assium carbonate in water and glycerin to the air for 100 hours and analyzing 

material on the shell at the end of the period. He reports that the sulfur 
orbed in 100 hours averored 10 ms. during winter ronths at Berlin-Dahlem, 
outskirts of the city, and that under certain conditions this figure rose 
ve 20 mg. The filter—paper shell was approximately 75 ma. in diameter by 
mie in height. 


Schikorr (16) also obtained data on the sulfur gases in the air at Berlin. 
measurements, usinz Lieserang's method of absorption cylinders, were made on 
roof of the State Board of Testing Materials in Berlin-Dahlem and in 
1rewald, a forest 7 kiloneters away, during the 15 months from October 1935 to 
smber 1936, inclusive. He noted decided seasonal fluctuations. In Berlin- 
-em the ratio of winter value to summer value went as high as 10:1, and in 
forest 4:1. Values in Berlin-Dahlem ranged from approximately 9 to 90 ng. 
‘ur per 100 hours, with an average of 39, while in the forest the minimum, 
Eum, and average were respectively 4, 14, and 9 me. 


Eaehnel (17) has published information on the sulfur dioxide concentration 
erlin, expressed as p. pe. m- Air samples were dram through concentrated 
tic potash for about an hour or longer on each of 5 days in March and April 
the sulfur dioxide determined gravimetrically. Each sample was taken at a 
erent time of the day on a roof 2O meters above the street, & meters from 
closest chimney, and during weather conditions ranging from clear to misty 
- An average concentration of ll.ec p. p. m. is reported, but Haehnel 
_tions whether Berlin air contains such high sulfur dioxide at all timesand 
CSe 
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Budanest, Eungary, 1932, 1933, and 1934 


Waldbauer (18) studied the air at a number of locations in this city, 
About 300 sulfur determinations were made over a period of 20 months, froz 
October 1932 to Maz 1934, inclusive. The analysis method was similar to 
that used by Liesegang (15). The concentrations in the air, as indicated ty 
this method, are given in table 4. The valves range between 3 and 45 m, 
absorbed in 100 hours, being lowest in summer and highest in winter month;, 


Lieze, Belgium, 1936 


Batta and Leclerc (19) have noted values for the sulfur dioxide coxtexi 
of the atmosphere in Liege. These ranged from 0.ec to 1.8 p. p. a. 


London and Suburts, Eneland, 192342 


Reynolds (20) made almost continuous measurements of sulfur dioxide fx 
about 4 years in the atmosphere at Plaistow end Upminster, which are 5 a¢ 
15 miles, respectively, from tne center of the metropolitan area. He drew 
large samples (7,000 to 25,000 liters) of air during 3- to 10-day periods, 
absorbing the sulfur dioxide in dilute sodium bicarbonate, acidifying ans 
oxidizing with bromine water or bichromate, and estimating the sulfur dioxis 
as barium salt by comparing with solutions containing known amounts of 0.0. 
sulfuric acid. Records were kept of rainfall, wind direction, visibility, 
end temperature. The concentration at Plaistow was found to average about 
six times that at Upminster. The averace during a winter week with consiier 
fog was 0.4 p. p. m. A low summer figure was 0.03 p. p. m. Reynolds! con- 
clusions were that appreciable quantities of sulfur dioxide were brought % 
the sampling points by winds from the center of the city; that factory stec: 
were responsible for a large portion of the sulfur dioxide; that the cozcer- 
trations were higher in winter than in summer; and thot maximum amounts rer 
reached during winter fogs when upward and lateral convection currents Fre 
least noticeable. 


7047 i es 


Google 


! 
1 & & 40 
a aig ee 
rt b> ort 
dé oor by 
no @ a wm 
O o ® @ 
Get HOw & & b 
a Oe ° Oo 
re} n acd MN OU ON ONO DW INININWD OOO LN OCO0°0 
HAorrkwtas wu eee ee e+ @ e 
v0rP BD OH GD t+ rv BOO FA AMIN A thot A 
Aan 3S Ort art Naar a4 UN UA AA 
qgqhPp~w YDNanunea 
QO @ ort © 0 + et 
HPrPprP BO i 
(fon m re 
586s oOo ktnHt nA Oo 
TOY Qt 8 YG 
Bs 
« od oO 40 
1e)] 1 e & 
® fale athalee, 
_ 0) p> co UNO OO NBO 0 © IAN 00 oF 0 OMmwo 
ee ees @ 
[Fare eel See ae MIA aNMONKHAOoOstA 10 OF wro 
‘os Hl. ado UNANAAAAAN NO UNA 
»~ oO, > 
4 O O10 Gri Go 
iA5|o 83 8% 
bh 
—aesiil 
aM ol] m 
To HY A AUN © O riat NU Wet © 0 
ort 
4G O & LO AI ON OVO AM S tA VON 
>P Od @ oe 
maim A 
» & 
O 
cB i Ot OPO 
‘aww 


CY ONT WOOO Ot 


O Wat O =F PO rt to 


OV ON NOV ING 
PNA ct et 


Station | hill 


stations 
West 
Station 
21.6 
19.0 
23.5 


East 


ONO CUNO SOND TSO IY 


it OO WIA 
MANA Nae 


Nelgenodornood of 
railroad 


j 
om™| @D 
Hie 2 ® Pe OO - Om 
O;U2 | 3! 
rt is] $0 NV GVOMO tO 1 
Ril ¢ SG rei UA Adi WJ 
(+ “Py A, 
02) U2 
om 
Ps Ol 
a ee 
SO)4 o LOIN IN PTING iNet 
® 
mes o rev) -~O wor ™QHdWiO MP mo 
cpl> 4 NVAnAAe nN 
S Deri Ay 
& ZS 
re Ha 
catia . 
ox 
br > . OND PNO'O FeO EOS OV ALO LO 
Cr ee | 
< oO - Mt LAR oN ON LAW Werf Ooo 
o};N a, UNNA A UMA AA 
~~] C2 
fy fo oa a by fy Ps 
f+ © ®O Qt Oo oO H 
® 2 O q -’ goof 2 
© 8 & cei | Oo OO gf SB poo 
: AS eg eesaesT oes sash he 
= 
ort 3) @ co oO Ry 30d DO O0O @ Q, 
rMOBAIiSNInH kr Sadan yn AHNOKBAIlAI»Y BS dy 


7047 


I.C. 7066 
Cities of Great Britain, 19%2-3/ 


Determinations of sulfur dioxide have been made by investigators worzire 
in cooperation with the British Government through its Department of Scien- 
tific ond Industrial Research. These have been made from 24-hour continuous 
samples taken at fixed locations and analyzed by the method reported by Ellis 
(21). McLachlan (22) has tabulated the yearly averages found in 14 cities fro: 
1932 to 1936. These range from a minimum of 0.035 p. p. m. in Cardiff in 
1932 to a maximum of 0.194 p. p. m. in Newcastle during the same year. A 
majority of the figures (approximately 70 percent) are above 0.1 p. p. m 
The yearly averages and additional data for a more recent year, April l, 
1936 to March 31, 1937, were (23) as shown in table 5. 


TABLE 5, — Sulfur dioxide concentrations in Great Britain 


April 1, 19 to arch 31, 1 . pe Ni. 
Daily average 
Station average Mininu2 
Glasgow — Tron7ute 0.096 0.027 
Greenwich — Hoval Observatory 056 004 
Kingston-upon-ilull - City Laboratories .063 .013 
Leicester — Grey Friars O78 © 012 
London - Chelsea, Lots Road e090 009 
Westminster Bridge - County Hall ale4 012 
Westminster City Hall e115 0035 
Newcastle-on-Tyne - Dean Street e111 -O4 
Salford ~- Regent Road 0055 ~O000 
Sheffield -— Surrey Street 14s 2035 


Values for the sulfur in the air have also been obtained for a number 
of years by another method, basically similar to that used by some investi- 
gators in Europe. This procedure (24) is to expose small cylinders coated 
with lead peroxide paste to the atmosphere for about a month, after which 
the paste is analyzed and the results reported as milligrams sulfur trioxice 
per 100 sq. cm. of cylinder area per day. The values obtained in this way in 
1936 and 1937 were (23) as shown in table 6. 


Prague, Czechoslovakia, 1929 and 1930 


Landa (25) has reported determinations of sulfur dioxide in the air at 
Prague, analyses being made by passing the air through 3 percent hydrogen 
peroxide and measuring sulfur dioxide gravimetrically and by titrating. Tre 
values are as follows: 


Month S02, p.p.m. Month SOS, peDeMe 
February 0.37 October 0.02 
March e13 November a3 
May 202 December 013 
June Trace January 013 
September 6) 

TOu7 os 10 


TABLE 6, — Sulfur Measurements by lead peroxide method, 


mg. sulfur trioxide per 100 sq. cm. per day 


Station 


rarnsley 
Kendray Hospital 
Yount Vernon — 
sardiff 
City Hall 
Splott 
Jazenham 
ews bury 
dinburgh 
‘arston (Herts)--Building 
Research Station 
lasgow--20, Trongate 
alifax 
Wade Street 
West View Park 
uddersfield 
ingston—upon-—Hul 
ceeds 7 
Headingley 
Park Square 
eicester 
Aerodrome 
Bentleys 
Central Avenue 
Grey Friars 
Humberstone 
Town Hall 
mdon 
Chelsea, Lots Road 
Westminster Bridge 
City Hall 
Horseferry Road 
KNount Street 
H.M.O.W. East 
H.M.O.W. South 
nington 
nchester 
Oldham Road 
Withington 
York Place 
wcastle—upon-—Tyne 
thamsted 
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Average 
for year 


3.45 
2.78 


1.09 
2.83 
1.54 
1.92 
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Stetion 


Rotherham 
Salford 
Ladywell Sanatorium 
Regent Road 
Sheffield 
Dore 
Ewden Waterworks 
Handsworth 
Surrey Street 
Stoke-on-Trent 


1.0. 7066 


Average 
for year 


3.42 


u.72 
4657 


098 
1.04 
2.90 
3-31 
3.06 
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Austria, 1928 


Bamberger and Nussbaun (26) have done some work on the dispersion of 
sulfur dioxide in the atmosphere from an established source. They deternizei 
the sulfur dioxide by exposing absorbent cotton goods wet with a solution of 
potassium carbonate in water and glycerin for 100 days and analyzing the 
material on the cloth at the end of the period. These investigators fount 
evidence indicating that in general the amount of sulfur dioxide in the air 
is a function of the elevation and the distance from the source, the sulfy 
dioxide found being less as either of these variables increased. 
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